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TRANSITION METAL COMPOUND, LIGAND 
SYSTEM, CATALYST SYSTEM AND PROCESS 

FOR PREPARING POLYOLEFINS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is the US. national stage under 35 U.S.C. 
§371 of International Application PCT/EP2006/01 1343, ?led 
Nov. 27, 2006, claiming priority to German Patent Applica 
tion No. 1020050575595 ?led Nov. 30, 2005, and provi 
sional U.S. Appl. No. 60/753,272 ?led Dec. 22, 2005; the 
disclosures of International Application PCT/EP2006/ 
011343, German Patent Application 1020050575595, and 
provisional U.S. Appl. No. 60/753,272, each as ?led, are 
incorporated herein by reference. 

The present invention relates to transition metal com 
pounds of the formula (I) 

(1) 

In 

Where 
M is an element ofgroup 3, 4, 5, 6, 7, 8, 9 or 10 ofthe Periodic 

Table of the Elements or the lanthanides, 
the radicals X are identical or different and are each an 

organic or inorganic radical, With tWo radicals X also being 
able to be joined to one another to form a divalent radical, 

nis 1, 2,3 or4, 
L1 is an organic or inorganic uncharged ligand, 
h is an integer from 0 to 4, 
R1 is an organic radical having from 1 to 40 carbon atoms, 
R2 is hydrogen or an organic radical having from 1 to 40 

carbon atoms, 

or R1 and R2 together form a divalent organic group T1 which 
has from 2 to 40 carbon atoms and together With the atoms 
connecting its ends forms a monocyclic or polycyclic ring 
system Which may in turn be substituted and may comprise 
one or more further heteroatoms selected from the group 
consisting of the elements 0, S, Se, Te, N, P andAs in the ring 
system, 
R3 is hydrogen or an organic radical having from 1 to 40 

carbon atoms, 
R4 is hydrogen or an organic radical having from 1 to 40 

carbon atoms, 

or R3 and R4 together form a divalent organic group T2 Which 
has from 2 to 40 carbon atoms and together With the atoms 
connecting its ends forms a monocyclic or polycyclic ring 
system Which may in turn be substituted and may comprise 
one or more heteroatoms selected from the group consisting 
of the elements 0, S, Se, Te, N, P and As in the ring system, 
R5 is an uncharged or negatively charged organic radical 

Which has from 1 to 40 carbon atoms and may comprise a 
heteroatom selected from the group consisting of the ele 
ments N, O, P, S, As and Sb, and 

m is an integer from 1 to 10. 
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2 
In addition, the present invention relates to ligand systems 

having such a substitution pattern, catalyst systems compris 
ing at least one of the transition metal compounds according 
to the invention, a process for preparing polyole?ns by poly 
meriZation or copolymeriZation of at least one ole?n in the 
presence of at least one of the catalyst systems according to 
the invention and the use of the ligand systems according to 
the invention for preparing transition metal compounds. 

Research and development on the use of transition metal 
compounds, in particular metallocenes, as catalyst compo 
nents for the polymerization and copolymeriZation of ole?ns 
With the objective of preparing tailored polyole?ns has been 
carried out intensively in universities and in industry in the 
past 15 years. 

Apart from metallocenes, neW classes of transition metal 
compounds Which comprise no cyclopentadienyl ligands are 
noW being examined to an increasing extent as catalyst com 
ponents. Examples are complexes of early transition metals 
comprising phenoxyimine ligands (EP 874 005) or com 
plexes of “late transition metals” such as Ni, Pd (WO 
96/23010), Fe or Co (WO 98127124) Which comprise 
uncharged ligands such as diimines or bisiminopyridines. 
While Ni or Pd complexes (WO 96/23010) catalyZe the for 
mation of highly branched polymers Which have hitherto 
been of little commercial interest, the use of Fe or Co com 
plexes leads to formation of highly linear polyethylene hav 
ing very small proportions of comonomer. 
As G. J. P. Britovsek et al. shoW in AngeW. Chem. Int. Ed. 

Engl. 1999, 38, 428, the search for highly versatile polymer 
iZation-active transition metal compounds continues to be of 
importance because of the great commercial importance of 
polyole?ns. There is interest in ?nding polymerization-active 
transition metal compounds Which have a particularly advan 
tageous property pro?le from a process engineering point of 
view. 

It Was an object of the present invention to ?nd neW tran 
sition metal compounds Which can be used as constituents of 
catalyst systems for the oligomeriZation, polymerization or 
copolymeriZation of ethylene. 
We have accordingly found the transition metal com 

pounds of the formula (I) mentioned at the outset. 
M is an element of group 3, 4, 5, 6, 7, 8, 9 or 10 of the 

Periodic Table of the Elements or the lanthanides, for 
example scandium, yttrium, titanium, Zirconium, hafnium, 
vanadium, niobium, tantalum, chromium, molybdenum, 
tungsten, manganese, iron, cobalt, nickel or palladium, pref 
erably iron, cobalt or nickel, particularly preferably iron or 
cobalt, in particular iron. 
The radicals X are identical or different, preferably identi 

cal, and are each an organic or inorganic radical, With tWo 
radicals X also being able to be joined to one another to form 
a divalent radical. In particular, X is halogen, for example 
?uorine, chlorine, bromine, iodine, preferably chlorine or 
bromine, hydrogen, Cl-C2O-, preferably CIA-alkyl, C2-C2O-, 
preferably C2-C4-alkenyl, C6-C22-, preferably C6-ClO-aryl, 
an alkylaryl or arylalkyl group having from 1 to 10, preferably 
from 1 to 4, carbon atoms in the alkyl radical and from 6 to 22, 
preferably from 6 to 10, carbon atoms in the aryl radical, 
4ORd or iNRdRe, preferably 40R“: With tWo radicals X 
also being able to be joined to one another, preferably tWo 
radicals iORd, Which are each, in particular, a substituted or 
unsubstituted 1,1'-bi-2-phenoxide radical. TWo radicals X 
can also form a substituted or unsubstituted diene ligand, in 
particular a 1,3-diene ligand. The radicals Rd and Re are each 
Cl-ClO-, preferably Cl-C4-alkyl, C6-Cl5-, preferably C6-Clo 
aryl, alkylaryl, arylalkyl, ?uoroalkyl or ?uoroaryl each hav 
ing from 1 to 10, preferably from 1 to 4, carbon atoms in the 
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alkyl radical and from 6 to 22, preferably from 6 to 10, carbon 
atoms in the aryl radical. X is particularly preferably halogen, 
in particular chlorine or bromine. 
n is l, 2, 3 or 4 and usually corresponds to the oxidation 

number of M. n is preferably 2 or 3, in particular 2, When M 
is Fe or Co. 

L1 is an organic or inorganic uncharged ligand. Examples 
of such uncharged ligands are phosphanes such as triph 
enylphosphine, amines such as triethylamine or N,N,N',N' 
tetramethylethylenediamine, ethers such as dialkyl ethers, 
e.g. diethyl ether, or cyclic ethers such as tetrahydrofuran, 
Water, alcohols such as methanol or ethanol, pyridine, pyri 
dine derivatives, for example 2-picoline, 3-picoline, 4-pi 
coline, 2,3-lutidine, 2,4-lutidine, 2,5-lutidine, 2,6-lutidine or 
3,5-lutidine, carbon monoxide and Cl-Clz-alkyl nitrites or 
C6-Cl4-aryl nitrites, e. g. acetonitrile, propionitrile, butyroni 
trile or benZonitrile. Singly or multiply ethylenically unsat 
urated double bond systems can also serve as ligand. 

h is an integer from 0 to 4. 
R1 is an organic radical having from 1 to 40 carbon atoms, 

for example Cl-C4O-, preferably Cl-Clz-alkyl, Cl-ClO-, pref 
erably Cl-C4-?uoroalkyl, C2-C4O-, preferably C2-C12-alk 
enyl, C6-C4O-, preferably C6-C3O-aryl, C6-C1O-?uoroaryl, 
arylalkyl, arylalkenyl or alkylaryl each having from 1 to 10, 
preferably from 1 to 4, carbon atoms in the alkyl radical and 
from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl 
radical, a saturated heterocycle having from 2 to 40, prefer 
ably from 3 to 30, carbon atoms or a C2-C4O-, preferably 
C3-C3O-heteroaromatic radical having in each case at least 
one heteroatom selected from the group consisting of the 
elements 0, N, S, P and Se, inparticular O, N and S, Where the 
heteroaromatic radical may be substituted by further radicals 
R16, where R16 is an organic radical having from 1 to 20 
carbon atoms, for example Cl-ClO-, preferably Cl-C4-alkyl, 
C6-Cl5-, preferably C6-C1O-aryl, alkylaryl, arylalkyl, ?uoro 
alkyl or ?uoroaryl each having from 1 to 10, preferably from 
1 to 4, carbon atoms in the alkyl radical and from 6 to 18, 
preferably from 6 to 10, carbon atoms in the aryl radical, and 
a plurality of radicals R16 can be identical or different. 

R1 is preferably CI-CIZ-alkyl, a substituted or unsubsti 
tuted C6-C4O-, preferably C6-C3O-aryl radical or C2-C4O-, 
preferably C3 -C3O-heteroaromatic radical having at least one 
heteroatom selected from the group consisting of the ele 
ments 0, N and S. 

R1 is particularly preferably a substituted or unsubstituted, 
preferably substituted, C6-C3O-aryl radical such as 2-tolyl, 
2,6-dimethylphenyl, 3,5-di(tert-butyl)phenyl, 2-chloro-4,6 
dimethylphenyl, 2,6-diisopropylphenyl, 2-benZylphenyl, 
2,6-dichlorophenyl or 2,6-dibromophenyl. 

Very particular preference is given to R1 being a phenyl 
radical Which is substituted in at least the 2 and 6 positions 
(ortho, ortho' positions). 

R2 is hydrogen or an organic radical having from 1 to 40 
carbon atoms, for example C l-C4O-, preferably C 1 -Cl 2-alkyl, 
Cl-ClO-, preferably Cl-C4-?uoroalkyl, C2-C4O-, preferably 
C2-C12-alkenyl, C6-C4O-, preferably C6-C3O-aryl, C6-Clo 
?uoroaryl, arylalkyl, arylalkenyl or alkylaryl each having 
from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl 
radical and from 6 to 22, preferably from 6 to 10, carbon 
atoms in the aryl radical, a saturated heterocycle having from 
2 to 40, preferably from 3 to 30, carbon atoms or a C2-C4O-, 
preferably C3-C3O-heteroaromatic radical having in each case 
at least one heteroatom selected from the group consisting of 
the elements 0, N, S, P and Se, in particular 0, N and S, Where 
the heteroaromatic radical may be substituted by further radi 
cals R16 as described above. 
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4 
R2 is preferably hydrogen, Cl-Clz-alkyl, a substituted or 

unsubstituted C6-C4O-, preferably C6-C3O-aryl radical or 
C2-C4O-, preferably C3 -C3O-heteroaromatic radical having at 
least one heteroatom selected from the group consisting of the 
elements 0, N and S. 
R2 is particularly preferably hydrogen. 
The radicals R1 and R2 can together also form a divalent 

organic group T1 which has from 2 to 40, in particular from 4 
to 20, carbon atoms and together With the atoms connecting 
its ends forms a monocyclic or polycyclic ring system Which 
may in turn be substituted and may comprise one or more 
further heteroatoms selected from the group consisting of the 
elements 0, S, Se, Te, N, P and As, in particular 0, S and N, 
in the ring system. 

R3 is hydrogen or an organic radical having from 1 to 40 
carbon atoms, for example C l-C4O-, preferably C 1 -Cl 2-alkyl, 
C l-C 10-, preferably C l-C4-?uoroalkyl, C2-C4O-, preferably 
C2-C12-alkenyl, C6-C4O-, preferably C6-C3O-aryl, C6-Clo 
?uoroaryl, arylalkyl, arylalkenyl or alkylaryl each having 
from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl 
radical and from 6 to 22, preferably from 6 to 10, carbon 
atoms in the aryl radical, a saturated heterocycle having from 
2 to 40, preferably from 3 to 30, carbon atoms or a C2-C4O-, 
preferably C3-C3O-heteroaromatic radical having at least one 
heteroatom selected from the group consisting of the ele 
ments 0, N, S, P and Se, in particular 0, N and S, Where the 
heteroaromatic radical may be substituted by further radicals 
R16 as described above. 
R4 is hydrogen or an organic radical having from 1 to 40 

carbon atoms, for example C l-C4O-, preferably C 1 -Cl 2-alkyl, 
C l-C 10-, preferably C l-C4-?uoroalkyl, C2-C4O-, preferably 
C2-C12-alkenyl, C6-C4O-, preferably C6-C3O-aryl, C6-Clo 
?uoroaryl, arylalkyl, arylalkenyl or alkylaryl each having 
from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl 
radical and from 6 to 22, preferably from 6 to 10, carbon 
atoms in the aryl radical, a saturated heterocycle having from 
2 to 40, preferably from 3 to 30, carbon atoms or a C2-C4O-, 
preferably C3-C3O-heteroaromatic radical having in each case 
at least one heteroatom selected from the group consisting of 
the elements 0, N, S, P and Se, in particular 0, N and S, Where 
the heteroaromatic radical may be substituted by further radi 
cals R16 as described above. 
The radicals R3 and R4 can also together form a divalent 

organic group T2 Which has from 2 to 40, in particular from 4 
to 20, carbon atoms and together With the atoms connecting 
its ends forms a monocyclic or polycyclic ring system Which 
may in turn be substituted and may comprise one or more 
heteroatoms selected from the group consisting of the ele 
ments 0, S, Se, Te, N, P andAs, in particular 0, S and N, in the 
ring system. 

Preference is given to the radicals R3 and R4 together form 
ing a divalent organic group T2 

Where the radicals R6, R7, R8 and R9 are identical or different 
and are each, independently of one another, hydrogen, halo 
gen or an organic radical having from 1 to 40 carbon atoms, 
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for example Cl-C4O-, preferably Cl-Clz-alkyl, Cl-ClO-, pref 
erably Cl-C4-?uoroalkyl, C2-C4O-, preferably Cz-Clz-alk 
enyl, C6-C4O-, preferably C6-C3O-aryl, C6-C1O-?uoroaryl, 
arylalkyl, arylalkenyl or alkylaryl each having from 1 to 10, 
preferably from 1 to 4, carbon atoms in the alkyl radical and 
from 6 to 22, preferably from 6 to 10, carbon atoms in the aryl 
radical, a saturated heterocycle having from 2 to 40, prefer 
ably from 3 to 30, carbon atoms or a C2-C4O-, preferably 
C3-C3O-heteroaromatic radical having in each case at least 
one heteroatom selected from the group consisting of the 
elements 0, N, S, P and Se, inparticular O, N and S, Where the 
heteroaromatic radical may be substituted by further radicals 
R16 as described above, or tWo adjacent radicals R6, R7, R8 or 
R9 together With the atoms connecting them form a monocy 
clic or polycyclic, substituted or unsubstituted ring system 
Which has from 3 to 40, preferably from 5 to 30, carbon atoms 
and may also comprise heteroatoms selected from the group 
consisting of the elements Si, Ge, N, P, O, S, Se and Te, in 
particular 0, S and N. 

Particular preference is given to the radicals R6, R7, R8 and 
R9 each being hydrogen. 

R5 is an uncharged or negatively charged, preferably 
uncharged, organic radical Which has from 1 to 40 carbon 
atoms and may comprise a heteroatom selected from the 
group consisting of the elements N, O, P, S, As and Sb, in 
particular N and 0, preferably N. 

R5 is preferably an uncharged organic radical Which has 
from 1 to 40 carbon atoms and comprises an sp2-hybridiZed 
nitrogen atom Which has a double bond to a carbon atom. 

R5 is particularly preferably a radical 

N\ 15 ># ># 
R12 / R \ 

Rll or R14 

preferably 

N\ 15 
R12 * / R 

R14 

where 
R10 is hydrogen or an organic radical having from 1 to 40 

carbon atoms, preferably Cl-Clz-alkyl, a substituted or 
unsubstituted C6-C4O-, preferably C6-C3O-aryl radical or 
C2-C4O-, preferably C3-C3O-heteroaromatic radical having 
at least one heteroatom selected from the group consisting 
of the elements 0, N and S, preferably a substituted or 
unsubstituted C6-C3O-aryl radical, 

R11 is an organic radical having from 1 to 40 carbon atoms, 
preferably CI-CIZ-alkyl, a substituted or unsubstituted 
C6-C4O-, preferably C6-C3O-aryl radical or C2-C4O-, pref 
erably C3-C3O-heteroaromatic radical having at least one 
heteroatom selected from the group consisting of the ele 
ments 0, N and S, preferably a substituted or unsubstituted 
C6-C3O-aryl radical, 

or R10 and R11 together form a divalent organic group T3 
Which has from 2 to 40, in particular from 3 to 30, carbon 
atoms and together With the atoms connecting its ends forms 
a monocyclic or polycyclic ring system Which may in turn be 
substituted and may comprise one or more further heteroat 
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6 
oms selected from the group consisting of the elements 0, N 
and S in the ring system, With preference being given to R10 
and R11 together With the atoms connecting them forming a 
substituted or unsubstituted pyridine or quinoline radical, 
R12 is hydrogen or an organic radical having from 1 to 40 

carbon atoms, for example Cl-C4O-, preferably Cl-Cl2 
alkyl, Cl-ClO-, preferably Cl-C4-?uoroalkyl, C2-C4O-, 
preferably C2-C12-alkenyl, C6-C4O-, preferably C6-C3O 
aryl, C6-C1O-?uoroaryl, arylalkyl, arylalkenyl or alkylaryl 
each having from 1 to 10, preferably from 1 to 4, carbon 
atoms in the alkyl radical and from 6 to 22, preferably from 
6 to 10 carbon atoms in the aryl radical, a saturated hetero 
cycle having from 2 to 40, preferably from 3 to 30, carbon 
atoms or a C2-C4O-, preferably C3-C3O-heteroaromatic 
radical having in each case at least one heteroatom selected 
from the group consisting of the elements 0, N, S, P and Se, 
in particular 0, N and S, Where the heteroaromatic radical 
may be substituted by further radicals R16 as described 
above, preferably hydrogen, 

R13 is hydrogen or an organic radical having from 1 to 40 
carbon atoms, for example Cl-C4O-, preferably Cl-Clz 
alkyl, Cl-ClO-, preferably Cl-C4-?uoroalkyl, C2-C4O-, 
preferably C2-C12-alkenyl, C6-C4O-, preferably C6-C3O 
aryl, C6-C1O-?uoroaryl, arylalkyl, arylalkenyl or alkylaryl 
each having from 1 to 10, preferably from 1 to 4, carbon 
atoms in the alkyl radical and from 6 to 22, preferably from 
6 to 10 carbon atoms in the aryl radical, a saturated hetero 
cycle having from 2 to 40, preferably from 3 to 30, carbon 
atoms or a C2-C4O-, preferably C3-C3O-heteroaromatic 
radical having in each case at least one heteroatom selected 
from the group consisting of the elements 0, N, S, P and Se, 
in particular O, N and S, Where the heteroaromatic radical 
may be substituted by further radicals R16 as described 
above, preferably hydrogen, 

R14 is hydrogen or an organic radical having from 1 to 40 
carbon atoms, preferably Cl-Clz-alkyl, a substituted or 
unsubstituted C6-C4O-, preferably C6-C3O-aryl radical or 
C2-C4O-, preferably C3-C3O-heteroaromatic radical having 
at least one heteroatom selected from the group consisting 
of the elements 0, N and S, 

R15 is an organic radical having from 1 to 40 carbon atoms, 
preferably CI-CIZ-alkyl, a substituted or unsubstituted 
C6-C4O-, preferably C6-C3O-aryl radical or C2-C4O-, pref 
erably C3-C3O-heteroaromatic radical having at least one 
heteroatom selected from the group consisting of the ele 
ments 0, N and S, preferably a substituted or unsubstituted, 
preferably substituted, C6-C3O-aryl radical Which is, in par 
ticular, substituted in at least the 2 and 6 positions (ortho, 
ortho' positions), for example 2,6-dimethylphenyl, 
2-chloro-4,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6 
dichlorophenyl or 2,6-dibromophenyl, 

or R14 and R15 together form a divalent organic group T4 
Which has from 2 to 40, preferably 3 to 30, carbon atoms and 
together With the atoms connecting its ends forms a monocy 
clic or polycyclic ring system Which may in turn be substi 
tuted and may comprise one or more further heteroatoms 
selected from the group consisting of the elements 0, N and 
S in the ring system, With preference being given to R14 and 
R15 together With the atoms connecting them forming a sub 
stituted or unsubstituted pyridine or quinoline radical. 
m is an integer from 1 to 10. 

The radicals Rl to R16 can, according to the invention, also 
comprise further heteroatoms, in particular heteroatoms 
selected from the group consisting of Si, N, P, O, S, F and C1, 
or functional groups Which may be capped by protective 
groups in place of carbon atoms or hydrogen atoms Without 
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altering the polymerization properties of the inventive transi 
tion metal compounds of the formula (I), as long as these 
heteroatoms or functional groups are chemically inert under 
the polymerization conditions. 

Furthermore, the substituents according to the present 
invention are, unless restricted further, de?ned as folloWs: 

The term “organic radical having from 1 to 40 carbon 
atoms” as used in the present context refers to, for example, 
Cl-C4O-alkyl radicals, Cl-Clo-?uoroalkyl radicals, Cl-Cl2 
alkoxy radicals, saturated C3-C2O-heterocyclic radicals, 
C6-C4O-aryl radicals, C2-C4O-heteroaromatic radicals, 
C6-ClO-?uoroaryl radicals, C6-ClO-aryloxy radicals, C3-Cl8 
trialkylsilyl radicals, C2-C2O-alkenyl radicals, C2-C2O-alky 
nyl radicals, C7-C4O-arylalkyl radicals or C8-C4O-arylalkenyl 
radicals. An organic radical is in each case derived from an 
organic compound. Thus, the organic compound methanol 
can in principle give rise to three organic radicals having 1 
carbon atoms, namely methyl (H3Ci), methoxy (H3Ci 
Oi) and hydroxymethyl (HOC(H2)i). 

The term “alkyl” as used in the present context encom 
passes linear or singly or multiply branched saturated hydro 
carbons Which may also be cyclic. Preference is given to 
C l-C ls-alkyl such as methyl, ethyl, n-propyl, n-butyl, n-pen 
tyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, cyclopentyl, 
cyclohexyl, isopropyl, isobutyl, isopentyl, isohexyl, sec-bu 
tyl or tert-butyl. 

The term “alkenyl” as used in the present context encom 
passes linear or singly or multiply branched hydrocarbons 
having one or more CiC double bond, Which may be cumu 
lated or alternating. 

The term ‘saturated heterocyclic radical’ as used in the 
present context refers to, for example, monocyclic or polycy 
clic, substituted or unsubstituted hydrocarbon radicals in 
Which one or more carbon atoms, CH groups and/or CH2 
groups are replaced by heteroatoms preferably selected from 
the group consisting of O, S, N and P. Preferred examples of 
substituted or unsubstituted saturated heterocyclic radicals 
are pyrrolidinyl, imidaZolidinyl, pyraZolidinyl, piperidyl, 
piperaZinyl, morpholinyl, tetrahydrofuranyl, tetrahydropyra 
nyl, tetrahydrothiophenyl and the like, and also methyl-, 
ethyl, propyl-, isopropyl- and tert-butyl-substituted deriva 
tives thereof. 

The term “aryl” as used in the present context refers to 
aromatic, optionally fused polyaromatic hydrocarbon sub 
stituents Which may optionally be substituted by one or more 
linear or branched C l -Cl8-alkyl, C l-C ls-alkoxy, CZ-CIO-alk 
enyl or C3-Cl5-alkylalkenyl groups. Preferred examples of 
substituted and unsubstituted aryl radicals are, in particular, 
phenyl, 4-methylphenyl, 4-ethylphenyl, 4-propylphenyl, 
4-isopropylphenyl, 4-tert-butylphenyl, 4-methoxyphenyl, 
l-naphthyl, 9-anthryl, 9-phenanthryl, 3,5-dimethylphenyl, 
3 ,5 -di-tert-butylphenyl or 4-tri?uoromethylphenyl. 

The term “heteroaromatic radical” as used in the present 
context refers to aromatic hydrocarbon substituents in Which 
one or more carbon atoms are replaced by nitrogen, phospho 
rus, oxygen or sulfur atoms or combinations thereof. These 
can, like the aryl radicals, optionally be substituted by one or 
more linear or branched Cl-Cls-alkyl, Cz-Clo-alkenyl or 
C3-Cl5-alkylalkenyl groups. Preferred examples are furyl, 
thienyl, pyridyl, pyraZolyl, imidaZolyl, oxaZolyl, thiaZolyl, 
pyrimidinyl, pyraZinyl and the like, and also methyl-, ethyl, 
propyl-, isopropyl- and tert-butyl-substituted derivatives 
thereof. 

The term “arylalkyl” as used in the present context refers to 
aryl-comprising substituents Whose alkyl radical is joined to 
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8 
the remainder of the molecule via an alkyl chain. Preferred 
examples are benZyl, substituted benZyl, phenethyl, substi 
tuted phenethyl and the like. 

The terms ?uoroalkyl and ?uoroaryl mean that at least one 
hydrogen atom, preferably more than one hydrogen atom and 
a maximum of all hydrogen atoms of the corresponding sub 
stituent have been replaced by ?uorine atoms. Examples of 
?uorine-comprising substituents Which are preferred accord 
ing to the invention are tri?uoromethyl, 2,2,2-tri?uoroethyl, 
penta?uorophenyl, 4-tri?uoromethylphenyl, 4-per?uoro 
tert-butylphenyl and the like. 

Preference is given to transition metal compounds of the 
formula (I) as described above Which have the formula (la) 

(la) 

In 

Where 
M is Fe, Co or Ni, preferably Fe or Co, in particular Fe, 
X is halogen, such as ?uorine, chlorine, bromine or iodine, in 

particular chlorine or bromine, 
n is 2, 
R1 is C 1 -Cl 2-alkyl, a substituted or unsubstituted C6-C4O-aryl 

radical or C2-C4O-heteroaromatic radical having at least 
one heteroatom selected from the group consisting of the 
elements 0, N and S, 

R2 is hydrogen, CI-CIZ-alkyl, a substituted or unsubstituted 
C6-C4O-aryl radical or C2-C4O-heteroaromatic radical hav 
ing at least one heteroatom selected from the group con 
sisting of the elements 0, N and S, 

or R1 and R2 together form a divalent organic group T 1 Which 
has from 3 to 30 carbon atoms and together With the atoms 
connecting its ends forms a monocyclic or polycyclic ring 
system Which may in turn be substituted and may comprise 
one or more further heteroatoms selected from the group 
consisting of the elements 0, N and S in the ring system, 

R6, R7, R8 and R9 are identical or different and are each, 
independently of one another, hydrogen, halogen or an 
organic radical having from 1 to 40 carbon atoms or tWo 
adjacent radicals R6, R7, R8 or R9 together With the atoms 
connecting them form a monocyclic or polycyclic, substi 
tuted or unsubstituted ring system Which has from 3 to 40 
carbon atoms and may also comprise heteroatoms selected 
from the group consisting of the elements Si, Ge, N, P, O, S, 
Se and Te, 

R5 is a rdical 
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preferably 

R12 * /N\ R15 RN 
R14 

where 
R10 is hydrogen, C l-C lz-alkyl, a substituted or unsubstituted 

C6-C4O-aryl radical or C2-C4O-heteroaromatic radical hav 
ing at least one heteroatom selected from the group con 
sisting of the elements 0, N and S, 

R11 is CI-CIZ-alkyl, a substituted or unsubstituted C6-C4O 
aryl radical or C2-C4O-heteroaromatic radical having at 
least one heteroatom selected from the group consisting of 
the elements 0, N and S, 

or R10 and R11 together form a divalent organic group T3 
Which has from 3 to 30 carbon atoms and together With the 
atoms connecting its ends forms a monocyclic or polycyclic 
ring system Which may in turn be substituted and may com 
prise one or more further heteroatoms selected from the group 
consisting of the elements 0, N and S in the ring system, 
R12 is hydrogen or an organic radical having from 1 to 40 

carbon atoms, 
R13 is hydrogen or an organic radical having from 1 to 40 

carbon atoms, 
R14 is hydrogen, C l-C lz-alkyl, a substituted or unsubstituted 

C6-C4O-aryl radical or C2-C4O-heteroaromatic radical hav 
ing at least one heteroatom selected from the group con 
sisting of the elements 0, N and S. 

R15 is CI-CIZ-alkyl, a substituted or unsubstituted C6-C4O 
aryl radical or C2-C4O-heteroaromatic radical having at 
least one heteroatom selected from the group consisting of 
the elements 0, N and S, 

or R14 and R15 together form a divalent organic group T4 
Which has from 3 to 30 carbon atoms and together With the 
atoms connecting its ends forms a monocyclic or polycyclic 
ring system Which may in turn be substituted and may com 
prise one or more further heteroatoms selected from the group 
consisting of the elements 0, N and S in the ring system, and 

m is an integer from 1 to 4. 
R1 is C 1 -Cl 2-alkyl, a substituted or unsubstituted C6-C4O-, 

preferably C6-C3O-aryl radical or C2-C4O-, preferably C3-C3O 
heteroaromatic radical having at least one heteroatom 
selected from the group consisting of the elements 0, N and 
S. R1 is preferably a substituted or unsubstituted, preferably 
substituted, C6-C3O-aryl radical, for example 2-tolyl, 2,6 
dimethylphenyl, 3,5-di-tert-butyl)phenyl, 2-chloro-4,6-dim 
ethylphenyl, 2,6-diisopropylphenyl, 2-benZylphenyl, 2,6 
dichlorophenyl or 2,6-dibromophenyl. R1 is particularly 
preferably a phenyl radical Which is substituted in at least the 
2 and 6 positions (ortho, ortho' positions). 

R2 is hydrogen, Cl-Clz-alkyl, a substituted or unsubsti 
tuted C6-C4O-, preferably C6-C3O-aryl radical or C2-C4O-, 
preferably C3 -C3O-heteroaromatic radical having at least one 
heteroatom selected from the group consisting of the ele 
ments 0, N and S. R2 is preferably hydrogen. 

The radicals R1 and R2 can together also form a divalent 
organic group T1 which has from 3 to 30, in particular from 4 
to 20, carbon atoms and together With the atoms connecting 
its ends forms a monocyclic or polycyclic ring system Which 
may in turn be substituted and may comprise one or more 
further heteroatoms selected from the group consisting of the 
elements 0, N and S in the ring system. 
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10 
The radicals R6, R7, R8 and R9 are identical or different and 

are each, independently of one another, hydrogen, halogen 
such as ?uorine, chlorine, bromine or iodine, in particular 
?uorine or chlorine, or an organic radical having from 1 to 40 
carbon atoms, for example C l-C4O-, preferably C 1 -ClO-alkyl, 
Cl-ClO-, preferably Cl-C4-?uoroalkyl, C2-C4O-, preferably 
CZ-CS-alkenyl, C6-C4O-, preferably C6-ClO-aryl, C6-Clo 
?uoroaryl, arylalkyl, arylalkenyl or alkylaryl each having 
from 1 to 10, preferably from 1 to 4, carbon atoms in the alkyl 
radical and from 6 to 22, preferably from 6 to 10, carbon 
atoms in the aryl radical, a saturated heterocycle having from 
2 to 40, preferably from 3 to 30, carbon atoms or a C2-C4O-, 
preferably C3-C3O-heteroaromatic radical having in each case 
at least one heteroatom selected from the group consisting of 
the elements 0, N, S, P and Se, in particular 0, N and S, Where 
the heteroaromatic radical may be substituted by further radi 
cals R16 as described above, or tWo adjacent radicals R6, R7, 
R8 or R9 together With the atoms connecting them form a 
monocyclic or polycyclic, substituted or unsubstituted ring 
system Which has from 3 to 40, preferably from 5 to 30, 
carbon atoms and may also comprise heteroatoms selected 
from the group consisting of the elements Si, Ge, N, P, O, S, 
Se and Te, preferably N, O or S, 

R10 is hydrogen, Cl-Clz-alkyl, a substituted or unsubsti 
tuted C6-C4O-, preferably C6-C3O-aryl radical or C2-C4O-, 
preferably C3-C3O-heteroaromatic radical having at least one 
heteroatom selected from the group consisting of the ele 
ments 0, N and S. R10 is preferably a substituted or unsub 
stituted C6-C4O-aryl radical. 

R1 1 is C 1 -Cl 2-alkyl, a substituted or unsubstituted C8-C4O-, 
preferably C6-C3O-aryl radical or C2-C4O-, preferably C3-C3O 
heteroaromatic radical having at least one heteroatom 
selected from the group consisting of the elements 0, N and 
S. R1 l is preferably a substituted or unsubstituted C6-C4O-aryl 
radical. 
The radicals R10 and R1 1 can together also form a divalent 

organic group T3 Which has from 3 to 30 carbon atoms and 
together With the atoms connecting its ends forms a monocy 
clic or polycyclic ring system Which may in turn be substi 
tuted and may comprise one or more further heteroatoms 
selected from the group consisting of the elements 0, N and 
S in the ring system. 

R12 is hydrogen or an organic radical having from 1 to 40 
carbon atoms, for example C l-C4O-, preferably C 1 -ClO-alkyl, 
Cl-ClO-, preferably Cl-C4-?uoroalkyl, C2-C4O-, preferably 
CZ-CS-alkenyl, C6-C4O-, preferably C6-Cl8-aryl, C6-Clo 
?uoroaryl, arylalkyl, arylalkenyl or alkylaryl each having 
from 1 to 10, preferably 1 to 4, carbon atoms in the alkyl 
radical and from 6 to 22, preferably from 6 to 10, carbon 
atoms in the aryl radical, a saturated heterocycle having from 
2 to 40, preferably from 3 to 30, carbon atoms or a C2-C4O-, 
preferably C3-C3O-heteroaromatic radical having in each case 
at least one heteroatom selected from the group consisting of 
the elements 0, N, S, P and Se, in particular 0, N and S, Where 
the heteroaromatic radical may be substituted by further radi 
cals R16 as described above. R12 is preferably hydrogen. 

R13 is hydrogen or an organic radical having from 1 to 40 
carbon atoms, for example C l-C4O-, preferably C 1 -ClO-alkyl, 
Cl-ClO-, preferably Cl-C4-?uoroalkyl, C2-C4O-, preferably 
CZ-CS-alkenyl, C6-C4O-, preferably C6-Cl8-aryl, C6-Clo 
?uoroaryl, arylalkyl, arylalkenyl or alkylaryl each having 
from 1 to 10, preferably 1 to 4, carbon atoms in the alkyl 
radical and from 6 to 22, preferably from 6 to 10, carbon 
atoms in the aryl radical, a saturated heterocycle having from 
2 to 40, preferably from 3 to 30, carbon atoms or a C2-C4O-, 
preferably C3-C3O-heteroaromatic radical having in each case 
at least one heteroatom selected from the group consisting of 
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the elements 0, N, S, P and Se, in particular 0, N and S, Where 
the heteroaromatic radical may be substituted by further radi- -c0minued 
cals R16 as described above. R13 is preferably hydrogen. 

R14 is hydrogen, CI-CIZ-alkyl, a substituted or unsubsti 
tuted C6-C4O-, preferably C8-C3O-aryl radical or C2-C4O-, 
preferably C3 -C3O-heteroaromatic radical having at least one 
heteroatom selected from the group consisting of the ele- /N 
ments 0, N and S. 

R15 is C l-C 1 2-alkyl, a substituted or unsubstituted C6-C4O-, 10 \ 
preferably C6-C3O-aryl radical or C2-C4O-, preferably C3-C3O 
heteroaromatic radical having at least one heteroatom N/ 
selected from the group consisting of the elements 0, N and 
S. R15 is preferably a substituted or unsubstituted, preferably )\ 
substituted C6-C3O-aryl radical Which is, in particular, substi- 15 Ph i—Pr 
tuted in at least the 2 and 6 positions (ortho, ortho' positions), i_Pr 
for example 2,6-dimethylphenyl, 2-chloro-4,6-dimethylphe 
nyl, 2,6-diisopropylphenyl, 2,6-dichlorophenyl or 2,6-dibro 
mophenyl. 

The radicals R14 and R15 can together also form a divalent 20 
organic group T4 which has from 3 to 30 carbon atoms and 
together With the atoms connecting its ends forms a monocy 
clic or polycyclic ring system Which may in turn be substi 
tuted and may comprise one or more further heteroatoms 25 

selected from the group consisting of the elements 0, N and 
S in the ring system. 
m is an integer from 1 to 4, preferably 1 or 2. 

Illustrative examples of the inventive transition metal com 
pounds of the formula (I) or (la), Which do not, hoWever, 
restrict the invention, are: /N 

30 

45 )\N 
Ph \N 

Ph 

50 

55 /N 

1 Cl 

Fe N C 

60 

)\N )\N 
65 
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-continued 

Ph 

The inventive transition metal compounds of the formula 
(I) or (Ia) can be prepared by methods as described in the 
examples. 

The invention further provides a ligand system of the for 
mula (II) 

(11) 

Where R1, R2, R3 , R4 and R5 are as de?ned in the formula (I). 
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Preference is given to a ligand system of the formula (Ha) 

(Ha) 

Where the variables R1, R2, R5, R6, R7, R8 and R9 are as 
de?ned in the formula (Ia). 
The substitution pattern of the ligand systems of the for 

mula (II) or (IIa) is critical for the particular polymerization 
properties of the transition metal compounds comprising 
these ligand systems. 

The ligand systems of the formula (II) or (IIa) can be 
prepared as described in the examples. 
The invention further provides transition metal compounds 

Which are obtainable by reacting a ligand system of the for 
mula (II) or (IIa) With a transition metal starting compound 

Where the variables and indices M, X, n, L1 and h are as 
de?ned in the formula (I). 
The invention likeWise provides for the use of a ligand 

system of the formula (II) or (IIa) for preparing a transition 
metal compound, preferably for preparing a transition metal 
compound having an element selected from the group of 
elements consisting of Fe, Co and Ni, preferably Fe and Co, 
in particular Fe. 

Thus, a process for preparing a transition metal compound 
comprising a ligand system of the formula (II) or (IIa), Which 
comprises reacting a ligand system of the formula (II) or (IIa) 
With a starting compound comprising a transition metal, is 
also subject matter of the present invention. A further possible 
Way of preparing the transition metal compounds of the for 
mula (I) or (Ia) comprises synthesizing the ligand from suit 
able ligand building blocks in the presence of a starting com 
pound comprising a transition metal in the sense of a 
template-controlled synthesis. The principle of this one-pot 
synthesis is described, for example, in WO 2000/008034. 
The transition metal compounds of the invention are, par 

ticularly in the presence of suitable cocatalysts, a highly 
active catalyst constituent for the polymerization of ole?ns, in 
particular for the polymerization of ethene. 
The cocatalyst Which together With the transition metal 

compound of the invention forms a polymerization-active 
catalyst system is able to convert the transition metal com 
pound into a species Which displays polymerization activity 
toWard at least one ole?n. The catalyst is therefore sometimes 
also referred to as activating compound. The polymerization 
active transition metal species is frequently a cationic species. 
In this case, the cocatalyst is also frequently referred to as 
cation-forming compound. 
The present invention therefore further provides a catalyst 

system for the polymerization of ole?ns, in particular ethyl 
ene, comprising at least one transition metal compound 
according to the invention and at least one cocatalyst Which is 
able to convert the transition metal compound into a species 
Which displays polymerization activity toWard at least one 
ole?n. 
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Suitable cocatalysts or cation-forming compounds are, for 
example, compounds such as an aluminoxane, a strong 
uncharged Lewis acid, an ionic compound having a LeWis 
acid cation or an organic compound having a Bronsted acid as 
cation. Preference is given to using an aluminoxane as cocata 
lyst. 

To prepare such a catalyst system, the transition metal 
compound according to the invention is preferably preacti 
vated by means of an aluminoxane before use in the polymer 
iZation reaction. In this preactivation step, the transition metal 
compound, preferably as such or as a solution, is brought into 
contact With an aluminoxane, in particular a solution of 
methylaluminoxane, for a particular time, eg from 1 minute 
to 48 hours, preferably from 5 minutes to 4 hours, in order to 
form the catalyst system. 
As aluminoxanes, it is possible to use, for example, the 

compounds described in WO 00/31090. Particularly useful 
aluminoxanes are open-chain or cyclic aluminoxane com 
pounds of the general formula (XI) or @(II) 

(X1) 

R51 is a C l-C4-alkyl group, preferably a methyl or ethyl 
group, and v is an integer from 5 to 30, preferably from 10 
to 25. 

These oligomeric aluminoxane compounds are usually 
prepared by reacting a solution of trialkylaluminum With 
Water. In general, the oligomeric aluminoxane compounds 
obtained in this Way are in the form of mixtures of both linear 
and cyclic chain molecules of various lengths, so that v is to 
be regarded as a mean. The aluminoxane compounds can also 
be present in admixture With other metal alkyls, preferably 
aluminum alkyls. 

Furthermore, modi?ed aluminoxanes in Which some of the 
hydrocarbon radicals or hydrogen atoms have been replaced 
by alkoxy, aryloxy, siloxy or amide radicals can also be used 
in place of the aluminoxane compounds of the general for 
mula (XI) or @(II). 

It has been found to be advantageous to use the transition 
metal compound according to the invention and the alumi 
noxane compounds in such amounts that the atomic ratio of 
aluminum from the aluminoxane compounds to the transition 
metal from the transition metal compound is in the range from 
1:1 to 100 000: 1, preferably in the range from 5:1 to 20 000:1 
and in particular in the range from 10:1 to 2000:1. 
As strong, uncharged LeWis acids, preference is given to 

compounds of the general formula @(III) 

Where 
M3 is an element of group 13 of the Periodic Table of the 

Elements, in particular B, Al or Ga, preferably B, 
X1, X2 and X3 are each, independently of one another, hydro 

gen, Cl-Clo-alkyl, C6-Cl5-aryl, alkylaryl, arylalkyl, 
haloalkyl or haloaryl each having from 1 to 10 carbon 
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18 
atoms in the alkyl radical and from 6 to 20 carbon atoms in 
the aryl radical or ?uorine, chlorine, bromine or iodine, in 
particular haloaryl, preferably penta?uorophenyl. 
Further examples of strong, uncharged LeWis acids are 

given in WO 00/31090. 
Particular preference is given to compounds of the general 

formula (XIII) in Which X1, X2 and X3 are identical, prefer 
ably tris(penta?uorophenyl)borane. 

Strong uncharged LeWis acids suitable as cocatalyst or 
cation-forming compounds also include the reaction products 
of a boronic acid With tWo equivalents of a trialkylaluminum 
or the reaction products of a trialkylaluminum With tWo 
equivalents of an acidic ?uorinated, in particular per?uori 
nated, carbon compound such as penta?uorophenol or bis 
(penta?uorophenyl)borinic acid. 

Suitable ionic compounds having LeWis-acid cations are 
salt-like compounds of the cation of the general formula 

Where 
Y is an element of groups 1 to 16 of the Periodic Table of the 

Elements, 
Q1 to Q2 are singly negatively charged groups such as C l-C28 

alkyl, C6-Cl5-aryl, alkylaryl, arylalkyl, haloalkyl, haloaryl 
each having from 6 to 20 carbon atoms in the aryl radical 
and from 1 to 28 carbon atoms in the alkyl radical, C3-C 1O 
cycloalkyl Which may optionally bear C l-C lO-alkyl groups 
as substituents, halogen, Cl-Czs-alkoxy, Cs-Cls-aryloxy, 
silyl or mercaptyl groups, 

a is an integer from 1 to 6 and 
Z is an integer from 0 to 5, and 
d corresponds to the difference a—Z, but d is greater than or 

equal to 1. 
Particularly useful cations are carbonium cations, oxonium 

cations and sulfonium cations and also cationic transition 
metal complexes. Particular mention may be made of the 
triphenylmethyl cation, the silver cation and the 1,1'-dimeth 
ylferrocenyl cation. They preferably have noncoordinating 
counterions, in particular boron compounds as are also men 
tioned in W0 91/ 09882, preferably tetrakis(penta?uorophe 
nyl)borate. 

Salts having noncoordinating anions can also be prepared 
by combining a boron or aluminum compound, eg an alu 
minum alkyl, With a second compound Which can react to link 
tWo or more boron or aluminum atoms, eg Water, and a third 
compound Which forms an ioniZing ionic compound With the 
boron or aluminum compound, e. g. triphenylchloromethane. 
In addition, a fourth compound Which likeWise reacts With the 
boron or aluminum compound, eg penta?uorophenol, can 
be added. 

Ionic compounds having Bronsted acids as cations prefer 
ably likeWise have noncoordinating counterions.As Bronsted 
acid, particular preference is given to protonated amine or 
aniline derivatives. Preferred cations are N,N-dimethyla 
nilinium, N,N-dimethylcylohexylammonium and N,N-dim 
ethylbenZylammonium and also derivatives of the latter tWo. 

Ionic compounds preferred as cocatalysts or cation-form 
ing compounds are, in particular, N,N-dimethylanilinium tet 
rakis(penta?uorophenyl)borate, N,N-dimethylcyclohexy 
lammonium tetrakis(penta?uorophenyl)borate or N,N 
dimethylbenZylammonium tetrakis(penta?uorophenyl) 
borate. 

It is also possible for tWo or more borate anions to be joined 
to one another, as in the dianion [(C6F5)2BiC6F4iB 
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(C6F6)2]z_, or the borate anion can be bound via a bridge 
having a suitable functional group to the surface of a support 
particle. 

Further suitable cocatalysts or cation-forming compounds 
are listed in WO 00/31090. 

The amount of strong, uncharged LeWis acids, ionic com 
pounds having LeWis-acid cations or ionic compounds hav 
ing Bronsted acids as cations is usually from 0.1 to 20 equiva 
lents, preferably from 1 to 10 equivalents, based on the 
transition metal compound according to the invention, in the 
process of the invention. 

Suitable cocatalysts or cation-forming compounds also 
include boron-aluminum compounds such as di[bis(pen 
ta?uorophenyl)boroxy]methylalane. Examples of such 
boron-aluminum compounds are disclosed in WO 99/06414. 

It is also possible to use mixtures of all the abovementioned 
cocatalysts or cation-forming compounds. Preferred mix 
tures comprise aluminoxanes, in particular methylaluminox 
ane, and an ionic compound, in particular one comprising the 
tetrakis(penta?uorophenyl)borate anion, and/or a strong 
uncharged LeWis acid, in particular tris(penta?uorophenyl) 
borane. 

Both the transition metal compound of the invention and 
the cocatalysts or cation-forming compounds are preferably 
used in a solvent, preferably an aromatic hydrocarbon having 
from 6 to 20 carbon atoms, in particular xylenes and toluene. 

The catalyst can further comprise a metal compound of the 
general formula (XV), 

Where 
M4 is an alkali metal, an alkaline earth metal or a metal of 

group 13 of the Periodic Table, i.e. boron, aluminum, gal 
lium, indium or thallium, 

R52 is hydrogen, Cl-Clo-alkyl, C6-Cl5-aryl, alkylaryl or ary 
lalkyl each having from 1 to 10 carbon atoms in the alkyl 
radical and from 6 to 20 carbon atoms in the aryl radical, 

R5 3 and R54 are identical or different and are each hydrogen, 
halogen, Cl-Cloalkyl, C6-C15-aryl, alkylaryl, arylalkyl or 
alkoxy each having from 1 to 10 carbon atoms in the alkyl 
radical and from 6 to 20 carbon atoms in the aryl radical, 

r is an integer from 1 to 3, 

and 
s and t are integers from 0 to 2, With the sum r+s+t corre 

sponding to the valence of M4, 

Where the metal compound of the formula @(V) is usually not 
identical to the cocatalyst or the cation-forming compound. It 
is also possible to use mixtures of various metal compounds 
of the formula @(V). 
Among the metal compounds of the general formula @(V), 

preference is given to those in Which 

M4 is lithium, magnesium or aluminum and 

R53 and R54 are each Cl-Clo-alkyl. 
Particularly preferred metal compounds of the formula 

(XV) are n-butyllithium, n-butyl-n-octylmagnesium, n-bu 
tyl-n-heptylmagnesium, tri-n-hexylaluminum, triisobutyla 
luminum, triethylaluminum and trimethylaluminum and 
mixtures thereof. 
When a metal compound of the formula @(V) is used, it is 

preferably present in the catalyst in such an amount that the 
molar ratio of M4 from formula (XV) to the transition metal 
atom from the transition metal compound according to the 
invention is from 800:1 to 1:1, in particular from 200:1 to 2: 1. 
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Preference is given to a catalyst system Which comprises a 

support in addition to a transition metal compound according 
to the invention and at least one cocatalyst. 

To obtain such a supported catalyst system, the unsup 
ported catalyst system can be reacted With a support. The 
order in Which the support, the transition metal compound 
according to the invention and the cocatalyst are combined is 
in principle immaterial. The transition metal compounds 
according to the invention and the cocatalyst can be immobi 
liZed independently of one another or simultaneously. After 
the individual process steps, the solid can be Washed With 
suitably inert solvents, e.g. aliphatic or aromatic hydrocar 
bons. 
As support, preference is given to using ?nely divided 

supports Which can be any organic or inorganic, inert solid. In 
particular, the support can be a porous solid such as talc, a 
sheet silicate, an inorganic oxide or a ?nely divided polymer 
poWder (e.g. polyole?n). 

Suitable inorganic oxides may be found among the oxides 
ofelements ofgroups 2, 3, 4, 5, 13, 14, and 16 ofthe Periodic 
Table of the Elements. Examples of oxides preferred as sup 
ports comprise silicon dioxide, aluminum oxide and mixed 
oxides of the elements calcium, aluminum, silicon, magne 
sium or titanium and also corresponding oxide mixtures. 
Other inorganic oxides Which can be used either alone or in 
combination With the abovementioned preferred oxidic sup 
ports are, for example, MgO, ZrO2, TiO2 or B 203 . A preferred 
mixed oxide is, for example, calcined hydrotalcite. 
The support materials used preferably have a speci?c sur 

face area in the range from 10 to 1000 m2/ g, a pore volume in 
the range from 0.1 to 5 ml/ g and a mean particle siZe of from 
1 to 500 um. Preference is given to supports having a speci?c 
surface area in the range from 50 to 500 m2/ g, a pore volume 
in the range from 0.5 to 3.5 ml/ g and a meanparticle siZe in the 
range from 5 to 350 um. Particular preference is given to 
supports having a speci?c surface area in the range from 200 
to 400 m2/ g, a pore volume in the range from 0.8 to 3.0 ml/g 
and a mean particle siZe of from 10 to 100 pm. 
The inorganic support can be subjected to a thermal treat 

ment, e. g. to remove adsorbed Water. Such a drying treatment 
is generally carried out at temperatures in the range from 80 to 
3000 C., preferably from 100 to 2000 C., With drying at from 
100 to 2000 C. preferably being carried out under reduced 
pressure and/or under a blanket of inert gas (e.g. nitrogen), or 
the inorganic supports can be calcined at temperatures of 
from 200 to 10000 C. to produce the desired structure of the 
solid and/ or set the desired OH concentration on the surface. 
The support can also be treated chemically using customary 
desiccants such as metal alkyls, preferably aluminum alkyls, 
chloro silanes or SiCl4, or else methylaluminoxane. Appropri 
ate treatment methods are described, for example, in WO 
00/31090. 
The inorganic support material can also be chemically 

modi?ed. For example, treatment of silica gel With (NH4) 
2SiF6 leads to ?uorination of the silica gel surface, or treat 
ment of silica gels With silanes comprising nitrogen-, ?uo 
rine- or sulfur-comprising groups leads to correspondingly 
modi?ed silica gel surfaces. 

Organic support materials such as ?nely divided polyole?n 
poWders (e.g. polyethylene, polypropylene or polystyrene) 
can also be used and should preferably likeWise be freed of 
adhering moisture, solvent residues or other impurities by 
means of appropriate puri?cation and drying operations 
before use. It is also possible to use functionaliZed polymer 
supports, e.g. ones based on polystyrenes, via Whose func 
tional groups, for example ammonium or hydroxy groups, at 
least one of the catalyst components can be immobiliZed. 
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In a preferred embodiment of the preparation of the sup 
ported catalyst system, at least one of the transition metal 
compounds according to the invention is brought into contact 
With at least one cocatalyst as activating or cation-forming 
compound in a suitable solvent, giving a soluble or insoluble, 
preferably soluble, reaction product, an adduct or a mixture. 

The preparation obtained in this Way is then mixed With the 
dehydrated or passivated support material, the solvent is 
removed and the resulting supported transition metal catalyst 
system is dried to ensure that all or most of the solvent is 
removed from the pores of the support material. The sup 
ported catalyst is usually obtained as a free-?owing poWder. 
Examples of the industrial implementation of the above pro 
cess are described in WO 96/00243, WO 98/40419 or WO 
00/05277. 

In a further preferred embodiment, the cocatalyst or the 
cation-forming compound is ?rstly applied to the support 
component and this supported cocatalyst or this cation-form 
ing compound is subsequently brought into contact With the 
transition metal coordination compound. 

Further useful catalyst systems are therefore combinations 
obtained by combining the folloWing components: 
lst component: at least one de?ned boron or aluminum com 

pound, 
2nd component: at least one uncharged compound Which has 

at least one acidic hydrogen atom, 

3rd component at least one support, preferably an inorganic 
oxidic support, and optionally as 4th component a base, 
preferably an organic nitrogen-comprising base, for 
example an amine, an aniline derivative or a nitrogen het 
erocycle. 
The boron or aluminum compounds used in the preparation 

of the supported cocatalysts are preferably compounds of the 
formula @(VI) 

(XVI) 
R55 

| 
M5 

R55 / \ RSS 

Where 

the radicals R55 are identical or different and are each hydro 
gen, halogen, Cl-C2O-alkyl, Cl-C2O-haloalkyl, Cl-Clo 
alkoxy, C6-C2O-aryl, C6-C2O-haloaryl, C6-C2O-aryloxy, 
C7-C4O-arylalky, C7-C4O-haloarylalkyl, C7-C4O-alkylaryl, 
C7-C4O-haloalkylaryl or an OSiR5 63 group, Where 

the radicals R5 6 are identical or different and are each hydro 

gen, halogen, Cl-C2O-alkyl, Cl-C2O-haloalkyl, Cl-Clo 
alkoxy, C6-C2O-aryl, C6-C2O-haloaryl, C6-C2O-aryloxy, 
C7-C4O-arylalkyl, C7-C4O-haloarylalkyl, C7-C4O-alkylaryl, 
C7-C4O-haloalkylaryl, preferably hydrogen, C 1 -C8-alkyl or 
C7-C2O-arylalkyl, and 

M5 is boron or aluminum, preferably aluminum. 
Particularly preferred compounds of the formula @(VI) are 

trimethylaluminum, triethylaluminum and triisobutylalumi 
num. 

The uncharged compounds Which have at least one acidic 
hydrogen atom and can react With compounds of the formula 
(XVI) are preferably compounds of the formula (XVII), 
(XVIII) or (XIX), 
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Where 
the radicals R5 7 are identical or different and are each hydro 

gen, halogen, a boron-free organic radical having from 1 to 
40 carbon atoms, e.g. Cl-C2O-alkyl, C1-C2O-haloalkyl, 
Cl-Clo-alkoxy, C6-C2O-aryl, C6-C2O-haloaryl, C6-C2O-ary 
loxy, C7-C4O-arylalky, C7-C4O-haloarylalky, C7-C4O-alky 
laryl, C7-C4O-haloalkylaryl, an Si(R59)3 radical or a 
CH(SiR593)2 radical, Where 

R59 is a boron-free organic radical having from 1 to 40 carbon 
atoms, e.g. Cl-C2O-alkyl, Cl-C2O-haloalkyl, Cl-Clo 
alkoxy, C6-C2O-aryl, C6-C2O-haloaryl, C6-C2O-aryloxy, 
C7-C4O-arylalky, C7-C4O-haloarylalky, C7-C4O-alkylaryl, 
C7-C4O-haloalkylaryl, and 

R58 is a divalent organic group having from 1 to 40 carbon 
atoms, e.g. Cl-Czo-alkylene, Cl-Czo-haloalkylene, 
C6-C2O-arylene, C6-C2O-haloarylene, C7-C4O-arylalky 
lene, C7-C4O-haloarylalkylene, C7-C4O-alkylarylene, 
C7-C4O-haloalkylarylene, 

D is an element of group 16 of the Periodic Table of the 
Elements or an NR6O group, where R60 is hydrogen or a 
Cl-Czo-hydrocarbon radical such as Cl-C2O-alkyl or 
C6-C2O-aryl, With preference being given to D being oxy 
gen, and 

h is l or 2. 
Suitable compounds of the formula @(VII) are Water, alco 

hols, phenol derivatives, thiophenol derivatives or aniline 
derivatives, With halogenated and in particular per?uorinated 
alcohols and phenols being of particular importance. 
Examples of particularly useful compounds are penta?uo 
rophenol, l,l-bis(penta?uorophenyl)methanol and 4-hy 
droxy-2,2',3,3',4',5,5',6,6'-nona?uorobiphenyl. 

Suitable compounds of the formula @(VIII) are boronic 
acids and borinic acids, With borinic acids having per?uori 
nated aryl radicals, for example (C6F5)2BOH, being of par 
ticular importance. Suitable compounds of the formula @(IX) 
are dihydroxy compounds in Which the divalent carbon-com 
prising group is preferably halogenated and in particular per 
?uorinated. An example of such a compound is 4,4'-dihy 
droxy-2,2',3,3',5,5',6,6'-octa?uorobiphenyl hydrate. 

Examples of combinations of compounds of the formula 
@(VI) With compounds of the formula @(VII) or @(IX) are 
trimethylaluminum/penta?uorophenol, trimethylaluminum/ 
l-bis(penta?uorophenyl)methanol, trimethylaluminum/4 
hydroxy-2,2',3,3',4',5,5',6,6'-nona?uorobiphenyl, triethyla 
luminum/penta?uorophenol, triisobutylaluminum/ 
penta?uorophenol and triethylaluminum/4,4'-dihydroxy-2, 
2',3,3',5,5',6,6'-octa?uorobiphenyl hydrate, With, for 
example, reaction products of the folloWing type being able to 
be formed. 

Me i-Bu 

Et Me 
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Examples of reaction products from the reaction of at least 
one compound of the formula @(VI) With at least one com 
pound of the formula (XVIII) are: 

F506 i-Bu c6115 

The Way in Which the components are combined is in 
principle immaterial. 

If appropriate, the reaction products of the reaction of at 
least one compound of the formula @(VI) With at least one 
compound of the formula @(VII), (XVIII) or @(IX) and 
optionally the organic nitrogen base are additionally com 
bined With an organometallic compound of the formula 0(1), 
(XII), (XIII) and/ or @(V) and then reacted With the support to 
form the supported cocatalyst system. 

In a preferred variant, the 1st component, e. g. compounds 
of the formula @(II), and the 2nd component, e.g. compounds 
of the formula @(VII), @(VIII) or @(IX), are combined and a 
support as 3rd component and a base as 4th component are 
combined separately and the tWo mixtures are subsequently 
reacted With one another, preferably in an inert solvent or 
suspension medium. The supported cocatalyst formed can be 
freed of the inert solvent or suspension medium before it is 
reacted With the transition metal coordination compound and 
optionally a metal compound of the formula @(V) to give the 
catalyst system. 
As further cocatalytically active support component, it is 

also possible to use the magnesium chloride-alkoxyalkylalu 
minum supports described in EP 1 568 716 to activate the 
transition metal compounds of the invention. 

It is also possible for the catalyst solid ?rstly to be prepo 
lymerized With ot-ole?ns, preferably linear C2-C1O-1 -alkenes 
and in particular ethylene, and the resulting prepolymerized 
catalyst solid then to be used in the actual polymerization. The 
mass ratio of catalyst solid used in the prepolymerization to 
monomer polymerized onto it is usually in the range from 
1:0.1 to 1:200. 

Furthermore, a small amount of an ole?n, preferably an 
ot-ole?n, for example vinylcyclohexane, styrene or phe 
nyldimethylvinylsilane, as modifying component, an anti 
static or a suitable inert compound such as a Wax or oil can be 

added as additive during or after the preparation of the sup 
ported catalyst system. The molar ratio of additives to transi 
tion metal compound according to the invention is usually 
from 1:1000 to 1000:1, preferably from 1:5 to 20:1. 

The transition metal compounds of the invention, in par 
ticular those of the formula (I) or (Ia), or the catalyst systems 
comprising them are suitable for the polymerization or copo 
lymerization of ole?ns, in particular the polymerization of 
ethene. 

The invention further provides a process for preparing 
polyole?ns by polymerization or copolymerization of at least 
one ole?n in the presence of at least one catalyst system as 
described above, and also a process for preparing ole?n oli 
gomers by oligomerization of at least one ole?n in the pres 
ence of at least one catalyst system of this type. Preference is 
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24 
given to processes for preparing polyole?ns or ole?n oligo 
mers in Which ethylene, optionally together With further 
ot-ole?ns, is used as ole?n. 
Ole?n oligomers are usually understood to be the dimers, 

trimers, tetramers, pentamers, hexamers and higher oligo 
mers of an ot-ole?n. 

In general, the catalyst system is used together With a 
further metal compound of the general formula @(V), Which 
can be different from the metal compound or compounds of 
the formula (XV) used in the preparation of the catalyst 
system, for the polymerization or copolymerization of ole 
?ns. The further metal compound is generally added to the 
monomer or the suspension medium and serves to free the 
monomer of substances Which can adversely affect the cata 
lyst activity. It is also possible for one or more further cocata 
lytic or cation-forming compounds to be additionally added 
to the catalyst system in the polymerization process. 
The ole?ns can be functionalized, ole?nically unsaturated 

compounds such as ester or amide derivatives of acrylic or 
methacrylic acid, for example acrylates, methacrylates or 
acrylonitrile, or nonpolar ole?nic compounds, including aryl 
substituted ot-ole?ns. 

Preference is given to polymerizing ole?ns of the formula 
R’"4CH:CHiR”, Where R'" and R” are identical or differ 
ent and are each hydrogen or an organic radical having from 
1 to 20 carbon atoms, in particular from 1 to 10 carbon atoms, 
or R'" and R” together With the atoms connecting them can 
form one or more rings. 

Examples of such ole?ns are 1-ole?ns having from 2 to 40, 
preferably from 2 to 10, carbon atoms, e.g. ethylene, propy 
lene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 
1-decene or 4-methyl-1-pentene or unsubstituted or substi 
tuted vinylaromatic compounds such as styrene and styrene 
derivatives, or dienes such as 1,3-butadiene, 1,4-hexadiene, 
1,7-octadiene, 5-ethylidene-2-norbomene, norbomadiene, 
ethylnorbomadiene or cyclic ole?ns such as norbornene, tet 
racyclododecene or methylnorbomene. 
The catalyst system of the invention is particularly prefer 

ably used for homopolymerizing ethylene or copolymerizing 
ethylene together With further ot-ole?ns, in particular C3 -C8 
ot-ole?ns such as propylene, 1-butene, 1-pentene, 1-hexene 
and/or 1-octene, and/or cyclic ole?ns such as norbornenes 
and/or dienes having from 4 to 20 carbon atoms, e.g. 1,4 
hexadiene, norbomadiene, ethylidenenorbomene or ethyl 
norbornadiene, or particularly preferably copolymerizing 
ethylene With propylene and/or 1-butene. Examples of such 
copolymers are ethylene-propylene, ethylene-1-butene, eth 
ylene-1 -hexene, ethylene-1 -octene copolymers and ethylene 
propylene-ethylidenenorbomene or ethylene-propylene-1,4 
hexadiene terpolymers. 
The polymerization can be carried out in a knoWn manner 

in solution, in suspension, in the gas phase or in a supercritical 
medium in the customary reactors used for the polymeriza 
tion of ole?ns. It can be carried out batchWise or preferably 
continuously in one or more stages. Solution processes, sus 
pension processes, stirred gas-phase processes or gas-phase 
?uidized-bed processes are all possible. As solvent or suspen 
sion medium, it is possible to use inert hydrocarbons, for 
example isobutane, or a suitable monomer or comonomer 
itself. The polymerization using the catalyst system of the 
invention is preferably carried out in a ?uidized-bed gas reac 
tor. 

The polymerization can be carried out at temperatures in 
the range from —60° C. to 300° C. and pressures in the range 
from 0.5 to 3000 bar. Preference is given to temperatures in 
the range from 50° C. to 200° C., in particular from 60° C. to 
150° C., especially preferably from 70° C. to 120° C., and 
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pressures in the range from 5 to 100 bar, in particular from 15 
to 70 bar. The mean residence times are usually from 0.5 to 5 
hours, preferably from 0.5 to 3 hours. As molar mass regula 
tors and/or to increase the activity, it is possible to use, for 
example, hydrogen, diethylzinc, carbon monoxide, carbon 
dioxide or oxygen in the polymerization. Furthermore, cus 
tomary additives such as antistatics can also be used. The 
catalyst system of the invention can be used directly for the 
polymerization, ie it is introduced in undiluted form into the 
polymerization system, or it is admixed With inert compo 
nents such as para?ins, oils or Waxes to improve meterability. 

The ethylene homopolymer or ethylene copolymer pre 
pared using the transition metal compounds of the invention, 
in particular those of the formula (I) or (Ia), or using the 
catalyst systems comprising them can also be constituent of a 
polymer blend. The type of further polymer components in 
the blend depends on the type of later use of the polymer 
blend. Blending can, for example, be effected by mixing With 
one or more additional LLDPEs or HDPEs or LDPEs. On the 

other hand, the polymer blend can also be obtained by simul 
taneous polymerization using one or more catalyst systems 
Which are likeWise active for the polymerization of ole?ns. As 
further catalysts for the preparation of the blend polymers or 
for the simultaneous polymerization, it is possible to use, in 
particular, classical Ziegler-Natta catalysts based on titanium, 
classical Phillips catalysts based on chromium oxides or fur 
ther single-site catalysts Which preferably comprise metal 
locenes, the “constrained geometry complexes” (cf., for 
example, EP A 0 416 815 or EP A 0 420 436), chromium 
single-site complexes as described, for example, in US. Pat. 
No. 6,437,161, nickel and palladium bisimine systems (able 
to be prepared as described in WO 9803559 A1) or iron and 
cobal pyridinebisimine compounds (able to be prepared as 
described in WO 9827124 A1) as transition metal component. 
To prepare blend polymers, the catalyst system of the inven 
tion is preferably used together With catalyst systems com 
prising a metallocene compound such as bis(n-butylcyclo 
pentadienyl)hafnium dichloride and/or a chromium single 
site complex such as (2-methyl-3-phenyl-1-(8-quinolyl) 
cyclopentadienyl)chromium dichloride as transition metal 
component. The further catalyst systems can likeWise be sup 
ported. 

The ethylene homopolymer or ethylene copolymer pre 
pared using the inventive transition metal compounds of the 
formula (I) or (II) or using the catalyst systems comprising 
them can also form bimodal blends With other ole?n poly 
mers, in particular ethylene homopolymers and ethylene 
copolymers. These can be obtained either by means of the 
above-described simultaneous presence of a further catalyst 
suitable for the polymerization of ole?ns or by subsequent 
blending of separately prepared polymers or copolymers. 

The blends comprising the ethylene homopolymers or eth 
ylene copolymers prepared using the inventive transition 
metal compounds of the formula (I) or (Ia) or using the 
catalyst systems comprising them can further comprise tWo 
or three other ole?n polymers or copolymers. These can be, 
for example, LDPE grades (blends thereof are described, for 
example, in DE-A1-19745047), or polyethylene homopoly 
mers (blends thereof are described, for example, in EP-B 
100843), LLDPE grades (as described, for example, in EP-8 
728160 or WO-A-90/03414) or LLDPE/LDPE grades (WO 
95/27005 or EP-B1-662989). 
The ethylene copolymers, polymer mixtures and blends 

can further comprise auxiliaries and/or additives knoWn per 
se, e. g. processing stabilizers, stabilizers against the effects of 
light and heat, customary additives such as lubricants, anti 
oxidants, antiblocking agents and antistatics, and also, if 
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appropriate, colorants. A person skilled in the art Will be 
familiar With the type and amount of these additives. 
The ethylene homopolymers or ethylene copolymers pre 

pared using the inventive transition metal compounds of the 
formula (I) or (Ia) or using the catalyst systems comprising 
them can also be modi?ed subsequently by grafting, 
crosslinking, hydrogenation, functionalization or other func 
tionalization reactions knoWn to those skilled in the art. 
The production of polymer blends can also be carried out 

by all knoWn methods. This can be achieved, for example, by 
introducing the poWder components into a pelletization appa 
ratus, eg a tWin-screW kneader (ZSK) or Farrel kneader. 
Furthermore, a mixture of pelletized polymers can also be 
processed directly on a ?lm production plant. 
The invention is illustrated by the folloWing examples 

Which do not, hoWever, restrict the invention. 

EXAMPLES 

General 
All syntheses and polymerizations Were carried out under 

a protective argon atmosphere. All solvents required Were 
?ushed With argon and dried over molecular sieves before 
use. Indazole-3-carboxylic acid is commercially available 
(eg from Fluka). 

Polymer Analysis 
Determination of the Melting Point: 
The melting point Tm Was determined by DSC measure 

ment in accordance With ISO standard 3146 in a ?rst heating 
phase at a heating rate of 20° C. per minute to 200° C., a 
dynamic crystallization at a cooling rate of 20° C. per minute 
doWn to 25° C. and a second heating phase at a heating rate of 
20° C. per minute back to 200° C. The melting point Was then 
the temperature at Which the curve of enthalpy versus tem 
perature measured in the second heating phase displayed a 
maximum. 

Gel Permeation Chromatography: 
Gel permeation chromatography (GPC) Was carried out at 

145° C. in 1,2,4-trichlorobenzene using a Waters 150C GPC 
apparatus. The evaluation of the data Was carried out using the 
softWare Win-GPC from HS-EntWicklungsgesellschaft ?ir 
Wissenschaftliche Hard-und Software mbH, Ober-Hilber 
sheim. The calibration of the columns Was carried out by 
means of polyethylene standards having molar masses rang 
ing from 100 to 107 g/mol. Mass average molar mass (MW) 
and number average molar mass (Mn) of the polymers Were 
determined. The Q value is the ratio of mass average (MW) to 
number average (Mn). 

Determination of the Limiting Viscosity [11]: 
The limiting viscosity, Which indicates the limit value of 

the viscosity number on extrapolation of the polymer concen 
tration to zero, Was determined using an automatic Ubbelo 
hde viscometer (Lauda PVS 1) using decalin as solvent at 
130° C. in accordance With ISO 1628. 

Determination of the Number of Methyl Side Chains and the 
Density by Means of IR Spectroscopy: 

IR spectra Were measured on 0.1 mm thick PE ?lms Which 
had been produced by pressing at 180° C. for 15 minutes. 
The number of methyl side chains per 1000 carbon atoms 

of the polymer chain (CH3/1000) Was determined by means 
of IR spectroscopy With the aid of chemical calibration of IR 
spectra against 13 C-NMR spectra, With the 13 C-NMR spectra 
being evaluated in respect of the total CH3 group content/ 
1000 carbon atoms and in respect of the content of the de?ned 
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side chains methyl, ethyl, butyl and hexyl as described by 
James C. Randall, JMS-REV. Macromol. Chem. Phys., C29 
(2&3), 201-317 (1989). 
The density of the polymer samples Was determined by 

means of IR spectroscopy With the aid of chemical calibration 
of IR spectra versus density determined by the buoyancy 
method in accordance With ISO 1183. 

Abbreviations in the following tables: 
[11] limiting viscosity 
t(poly) polymeriZation time 
Polymer amount of polymer formed 
Density polymer density 
Activity productivity of the catalyst in g of polymer obtained 

per mmol of transition metal compound (complex) used 
per hour 

MAO methylaluminoxane 

EXAMPLES 

Example A1 

1H-lndaZole-3-carbaldehyde (A1) 

a) Synthesis of (1H-indaZol-3 -yl)methanol (A1 a) 

0 
0H 

\N + LiAlH4 THF 
/ 

l 
H 

M,: 162.15 M,:37.95 

OH 

\N 
/ 
N 

| 
H 

M,: 148.16 

2.31 g (61.05 mmol) of lithium aluminum hydride Were 
stirred in 70 ml of THFabS. at room temperature. 6.60 g of 
indaZole-3 -carboxylic acid (40.7 mmol) Were added a little at 
a time, With vigorous evolution of gas being observed. After 
the addition Was complete, the yelloWish broWn suspension 
Was heated to re?ux and re?uxed overnight. The reaction 
mixture Was brought to room temperature and diluted With 
THF. 2 ml of H20, 2 ml of 1N NaOH, 5 ml of H20 Were 
subsequently added dropWise, With vigorous foaming occur 
ring. A milky suspension Was formed. The insoluble alumi 
num salts Were centrifuged off to give a clear, slightly yel 
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28 
loWish solution. Taking off the solvent on a rotary evaporator 
gave a colorless product Which Was dried in a high vacuum. 
Yield: m:2.83 g (46.9%). 

Rf:0.59 (ethyl acetate) 
Melting point: 1350 C. 
MS (EI pos): M+:148.1 m/e 
1H-NMR (300 MHZ) in CDCl3: 6:4.78 (d, 2H), 5.22 (t, 

1H), 7.08 (1, 1H), 7.32 (t, 1H), 7.47 (d, 1H), 7.83 (d, 1H), 
12.78 (s, 1H) 
l3C-NMR: 6:56.78, 110.01, 119.70, 120.63, 121.43, 

125.94, 140.98, 145.59 

b) Synthesis of 1H-indaZole-3-carbaldehyde (A1) 

OH 

\N + MHO2 CHZClZ 
/ 

l 
H 

M,: 148.16 M,: 86.94 

H 

o 

N 
/ 

l 
H 

(Al) 
M,: 146.15 

1 g (6.75 mmol) of indaZole-3-methanol Was stirred With 
30 ml of methylene chloride at room temperature. 4.07 g of 
active manganese dioxide (46.81 mmol) Were added and the 
suspension Was stirred for another 48 hours. A spatula tip of 
manganese dioxide Was then added at intervals of 2 to 3 hours 
until TLC no longer shoWed any alcohol. The excess manga 
nese dioxide Was subsequently separated off by means of 
deep-bed ?ltration. The manganese dioxide Was collected on 
a sintered glass suction ?lter Which had been packed densely 
With silica gel G60 and Was Washed With ethyl acetate With 
application of a Waterpump vacuum. Taking off the solvent on 
a rotary evaporator gave a beige product Which Was dried in a 
high vacuum. Yield: m:0.845 g (85.7%). 

Rf:0.82 (ethyl acetate) 
Melting point: 1300 C. 
MS (EI pos): M+:146.1 m/e 
1H-NMR (300 MHZ) in CDCl3: 6:7.38 (t, 1H), 7.50 (t, 

1H), 7.59 (d, 1H), 8.33 (d, 1H), 10.32 (s, 1H), 11.07 (s, 1H) 
l3C-NMR: 6:11039, 121.32, 122.32, 124.58, 128.38, 

141.54,145.11,187.77 
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Example B1 

1 -( 1 - { [2,6 -Dimethylphenylimino] phenylmethyl } - 
1H-indaZol-3-yl)ethanone (B 1) 

H o 

\ N cH2c12 
N + —> 

/ 
N 

| 01 
H 

(Al) 
M, I 146.15 M,I 243.70 

H o 

\N 
/ 
N 

\ 
N 

(B1) 
M, I 353.42 

0.700 g of indaZole-3-carbaldehyde (4.79 mmol) (Al) was 
dissolved in 30 ml of absolute methylene chloride. 9.41 ml 

(4.79 mmol) of a stock solution of imide chloride, having a 
concentration of0. 124 g/ml Was added by means of a syringe. 
The imide chloride had been prepared from the correspond 
ing carboxamide and thionyl chloride as described in WO 
2005/030813.660 11.1 of triethylamine (4.79 mmol) Were 
added by means of a syringe. The mixture became an intense 

yelloW color Within a feW minutes. The solution Was stirred 

overnight at room temperature. The intense yelloW solution 
Was Washed tWice With Water in a separating funnel, the 

organic phase Was separated off and dried over magnesium 
sulfate. Taking off the solvent gave a viscous yelloW oil. The 
crude product Was puri?ed via a short column, With the target 
product eluting most quickly. 
Column material: silica gel G60; column length: 16 cm; 

column diameter: 2.5 cm; eluent: chloroform 

A yelloW oil Was initially obtained and this Was digested in 
ether. The target product begins to crystallize out immedi 
ately. The ether Was siphoned off and the product Was dried in 
a high vacuum. Yield: m:0.846 g (50%); appearance: yelloW 
crystals. 
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Rf:0.76 (chloroform) 
Melting point: 1700 C. 

MS (FAB): [M+H]+:354, 1 m/e 
1H-NMR (300 MHZ) in CDCl3: 6:2.15 (s, 6H), 6.83-7.07 

(m, 3H), 7.26-7.69 (m, 7H), 8.43 (d, 1H), 8.68 (d, 1H), 10.21 
(s, 1H) 
l3C-NMR: 6:18.99, 116.37, 122.36, 123.47, 123.82, 

126.02, 126.84, 128.23, 128.32, 129.49, 130.79, 131.81, 
141.80,145.16,145.55,154.15,187.92 

Example B2 

1-(1-{[2,6-Diisopropylphenylimino]phenylmethyl} 
1H-indaZol-3-yl)ethanone (B2) 

H 0 

CH 01 
\N + 2 2 
/ 
N 

| c1 

(A1) 
M, I 146.15 M, I 299.80 

H o 

N 
/ 
N 

\ 
N 

(B2) 
M, I 40953 

The synthesis of (B2) Was carried out by a method analo 
gous to Example B1 using 520 mg (3.558 mmol) of aldehyde 
(A1), 1.067 g (3.558 mmol) of imide chloride and 300 mg 
(3.558 mmol) of triethylamine. Yield: m:0.682 g (47%); 
appearance: yelloW crystals. 

Rf:0.82 (chloroform) 
Melting point: 105-1070 C. 

1H-NMR (300 MHZ) in CDCl3: 6:0.96 (d, 6H), 1.17 (d, 
6H), 3.00 (m, 2H), 7.05-7.65 (m, 10H), 8.44 (d, 1H), 8.62 (d, 
1H), 10.22 (s, 1H) 
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13C-NMR; 6:22.22, 24.67, 28.80, 28.93, 115.94, 119.65, 
122.38, 123.37, 124.54, 125.99, 128.11, 128.20, 129.58, 
130.08, 136.91, 141.85, 142.00, 145.04, 148.50, 153.23, 
187.92 

Example B3 

Synthesis of Building Block (B3) 

0 

H 

\ CH3CN 
l + —> 
N K2CO3 

/ / 
1|“ N 01 
H -HC1 

(A1) M, I 164.04 

M, I 146.15 

N 
I \ 

/ 
(B3) 

M, I 237.26 

600 mg of aldehyde (4.1 1 mmol) (A1) Were dissolved in 35 
ml of acetonitrile. 664 mg of 2-picolyl chloride hydrochloride 
(4.05 mmol) and 1.120 g of potassium carbonate Were added. 
The suspension Was re?uxed for 20 hours and, after cooling, 
the potassium carbonate Was collected in a paper ?lter. The 
solvent Was taken off by means of a rotary evaporator. The 
crude product obtained Was puri?ed by column chromatog 
raphy. 

Eluent mixture: ether/THF:4:1; stationary phase: silica 
gel G60; column length: 12 cm; column diameter: 3.5 cm 

Yield: m:0.700 g (72.9%); appearance: light-yelloW poW 
der 

RfIO. 60 (ether/THF:4: 1) 
Melting point: 78-790 C. 
1H-NMR (300 MHZ) in CDCl3: 6:5.79 (s, 2H), 6.98 (d, 

1H), 7.18 (dd, 1H), 7.40 (dd, 1H), 7.31 (dd, 1H), 7.46 (dd, 
1H), 7.58 (dd, 1H), 8.28 (d, 1H), 8.56 (d, 1H), 10.24 (s, 1H) 
l3C-NMR: 6:56.07, 110.32, 121.95, 122.45, 123.39, 

124.51, 128.00, 137.47, 141.43, 143.73, 149.97, 155.46, 
187.22 
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Example B4 

Synthesis of Building Block (B4) 

0 

o 

I H % CH3CN l RF N 
/ 

N Br 

P|I M,I179.06 
(A1) 

M,I14615 

(B4) 
M, I 244.30 

600 mg of 3-formylindaZole (3.421 mmol) (A1) Were dis 
solved in 35 ml of acetonitrile. 

612 mg of 1 -bromopinacolone (3.421 mmol) and 474 11.1 of 
triethylamine Were added. The solution Was re?uxed for 20 
hours and, after cooling, the solution Was diluted With Water 
and transferred to a separating funnel. The aqueous solution 
Was extracted With methylene chloride. The organic phase 
Was then Washed ?rstly With Water and subsequently once 
With a saturated NaCl solution. The solution Was dried over 

sodium sulfate and ?ltered through a paper ?lter. After the 
major part of the solvent had been taken off on a rotary 
evaporator, the product Was dried in a high vacuum. 

Yield: m:0.819 g (98%); appearance: yelloWish broWn 
poWder 

RfIO. 30 (ether/hexane:1 : 1) 
Melting point: 81-830 C. 
IR: 1678 cm“1 (C:O); 1721 cm“1 (C:O) 
1H-NMR (300 MHZ) in CDCl3 [ppm]: 6:1.29 (s, 9H), 5.43 

(s, 2H), 7.19 (d, 1H), 7.30 (m, 1H), 7.39 (m, 1H), 8.26 (d, 1H), 
10.19 (s, 1H). 
l3C-NMR: 6:26.43,43.85,54.23, 109.45, 122.26, 122.44, 

124.34, 127.98, 141.91, 143.87, 187.05, 207.39. 
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Example B5 

Synthesis of Building Block (B5) 

(B5) 
M, I 264.28 

The synthesis of (B5) is carried out by a method analogous 
to Example B4. 

Example C1 

Synthesis of Ligand (C1) 

H O 

\N + 
/ 
N 

N 

(B1) 

[benzene] 
M, I 353.42 

NH2 

xfjk M, I 17729 
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-continued 

(C1) 
M,I 512.70 

1.166 g ofaldehyde (3.30 mmol) (B1) Were dissolved in 25 
ml of benZene. 623 pl of 2,6-diisopropylaniline (3.30 mmol) 
Were added. The mixture Was acidi?ed With 3 drops of trif 
luoroacetic acid and re?uxed using a Water separator for 24 
hours. The yelloW solution Was Washed With H2O until neu 
tral and dried over magnesium sulfate. Taking off the solvent 
by means of a rotary evaporator left a viscous yelloW residue 
Which became solid after foaming With ether. The residue Was 
taken up in a little ether and placed in a refrigerator. YelloW 
crystals Were formed overnight. The supernatant solution Was 
removed by means of a pipette and the product Was dried in a 
high vacuum. Yield: m:0.915 g (56%); appearance: yelloW 
crystals. 

RfIO. 87 (ether/hexane:1 : 1) 
Melting point: 162-1640 C. 

1H-NMR (300 MHZ) in CDCl3: 6:1.22 (s, 6H), 1.24 (s, 
6H), 2.18 (s, 6H), 3.10 (m, 2H), 6.87-7.05 (m, 3H), 7.13-7.43 
(m, 8H), 7.53 (t, 1H), 7.65 (t, 1H), 8.51 (s, 1H), 8.71 (d, 1H), 
8.76 (d, 1H) 
l3C-NMR: 6:19.08,23.72,28.33, 116.30, 123.28, 123.50, 

123.77, 124.58, 124.68, 125.15, 127.09, 128.09, 128.28, 
129.12, 129.67, 130.53, 132.29, 137.37, 141.85, 145.25, 
146.03, 149.47, 154.12, 157.29 

Example C2 

Synthesis of Ligand (C2) 

H O 

\ N + 
/ 
N 

\ 
N 

(B1) 

[benzene] 
M,I 353.42 
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-continued 
NH2 

Benzol 
—> 

(CZ) 
M, I 456.56 

The synthesis Was carried out by a method analogous to C1 

using 571 mg (1.617 mmol) of aldehyde (B1) and 200 pl 
(1.617 mmol) of 2,6-dimethylaniline as starting materials. 
Yield: m:0.633 g (85.7%); appearance: yellow crystals. 

RfIO. 85 (ether/hexane:1 : 1) 
Melting point: 146-1480 C. 

1H-NMR (300 MHZ) in CDCl3: 6:2.16 (s, 6H), 2.23 (s, 
6H), 6.87-7.65 (m, 13H), 8.52 (s, 1H), 8.69 (d, 1H), 8.75 (s, 
1H) 
l3C-NMR: 6:18.74, 19.05, 116.24, 123.48, 123.80, 

124.31, 124.48, 125.07, 127.08, 127.14, 128.09, 128.24, 
128.44, 129.12, 129.61, 130.50, 132.32, 141.80, 145.32, 
146.01, 151.31, 154.09, 157.73 

Example C3 

Synthesis of Ligand (C3) 

H O 

\ N + 
/ 
N 

\ 
N 

(B1) 

[benzene] 
M,I 353.42 
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-continued 

NH2 

Benzol 
—> 

MI 93.13 

(C3) 
M, I 428.54 

The synthesis Was carried out by a method analogous to 

Example C1 using 465 mg (1.317 mmol) of aldehyde (B1) 
and 122.6 pl (1.317 mmol) of aniline as starting materials. 
Yield: m:0.557 g (98%); appearance: yelloW crystals 

RfIO. 82 (ether/hexane:1 : 1) 
Melting point: 135-1370 C. 

MS (FAB): [M+H]+:429.2 m/e 
1H-NMR (300 MHZ) in CDCl3: 6:2.17 (s, 6H), 6.68-7.64 

(m, 15H), 8.70 (d, 1H), 8.77 (d, 1H), 8.82 (s, 1H) 
l3C-NMR: 6:19.06, 115.39, 115.14, 121.38, 123.47, 

123.76, 125.03, 126.88, 127.07, 128.08, 128.23, 128.64, 
129.13, 129.50, 129.55, 130.47, 141.77, 145.57, 146.00, 
151.86,154.10,154.71 

Example C4 

Synthesis of Ligand (C4) 

H O 

\N + 
/ 
N 

\ 
N 

(B2) 

[benzene] 
M, I 409.53 


























